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Sueelemem to
TORSION OF SANDWICH PANELS OF TRAPEZOIDAL,

TRIANGULAR, AND RECTANGULAR CROSS SEC'I'IONSl

Derivation of Differential Equation and its Application to Rectangular

Panels with Loads Applied at Corners

By
SHUN CHENG, Engineer

Forest Products Laboratory.i Forest Service
U.S. Department of Agriculture

Introduction

Forest Products Laboratory Report No. 1871 (l)l presents two mathematical analyses
of the torsion of rectangular sandwich plates. In one analysis the Saint Venant theory is
used, although it does not satisfy the detail boundary conditions in regard to the applied
load. In the other, a more rigorous treatment is used that satisfies all boundary condi-
tions. In Report No. 1874 (2) the derivation of a system of suitable differential stress
strain relations is carried out by means of the variational theorem of complementary
energy in conjunction with Lagrangian multipliers. A system of differential equations
was obtained. These equations (which can be applied to bending or twisting of saniwich
panels) are then applied to the torsion of sandwich panels of trapezoidal, triangu..s,
and rectangular cross sections by using the Siint Venant torsion in their solutions. The
formula for the torsional stiffness of a sandwic" pa- el of rectangular cross sec.ion so
obtained i 'rees w.n the infinite series solution given in the Report No. 1871 (1).

The purposes of the present report are as follows

(1) To obtain from the differential stress strain relations and equations of equilibrium
derived in the Report No. 1874 (2) a six order partial differential equation, correspond-
ing to the role of the equation Wy . B in the thin solid plate theory (3), that governs

1This progress report is one of a series (ANC-23, Item 57-4) prepared and distributed
by the Forest Products Laboratory under U.S. Navy, Bureau of Aeronautics Order
No. NAer 01967 and U.S. Air Force Contract No. DO 33(616)58-1. Results reported
here are preliminary and may be revised as additional data become avajlable.

Q&hinuivned at Madison, Wis., in cooperation with the University of Wisconsin.

-’-Underllmd numbers in parentheses refer to Literature Cited at the end of the text.
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the small deflection of sandwich panels under bending or twisting. The problem of
bending or twisting of sandwich panels thus reduced to the integration of this governing
differential equation of deflection.

(2) By applying the governing differential equation and equations for stresses to solve
the problem presented in Report No. 1871 (1) that is the torsion of rectangular sand-
wich panel having the torque applied by forces concentrated at the corners of the panel.
The result which satisfies all boundary conditions shows that the expressions of homo-
geneous solution remain essentially the same and the series of particular solution
converge more rapidly than those of the rigorous treatment presented in Report No.

1871 (1).

Notation
X, ¥, 2 rectangular coordinates (fig. 1).
a,b half length and width of sandwich.
h half thickness of core.
t thickness of facings.
E, v Young' s modulus of elasticity and Poisson' s ratio of the facings.
G —E , shear modulus of the facings.
2 (1 +v)
ze' GYz shear modulii of the core.
w deflection of the panel in the z direction, Lagrangian multiplier.
B, v Lagrangian multipliers.
7 xe Tyo ¥ stresses in facings.
Tz Tyz stresses in core.
load per unit area.
D Gxe
x t,2
Gth(l + —)
2h
D G
—_—
y t 2
Gth(l + —)
2h
D 1
t
4Gth? (1 + —)2
2h
Dy (1-v)D, + ZDY
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D, 2D, +(1 - ")Dy

(2m +1) w

%m
2a
B (2n + 1) w
2b 1
(Dx R D, )z
Y — + —
m Dy am
1
D D, 5
6n (XL+ —E-)Z
Dx fn
P resultant force applied at a corner.
P, A1
ab
G
c o 4
Gz

Am: Bno Cmv Dy
Km: Apns Bny Fp,  parameters.

Hn. Ln
T applied torque.
0 angle of twist per unit length in radians.

Derivation of Differential Equations for Deflection and Stresses

By setting a = 0, equations (6), (7), (8), (10), (11), (12), (13), and (14) of Report No.
1874 (5) are reduced respectively to the following equations:

Teg = t1 0{-“(%&%) (1)
e =t s RN o @
Brys L dry:  p (3)
8x 3y 2h

Ix - Yoy 88 (4)
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oy -voy _ 8y
t (5)
hE(l + — 8y
2h
- 2088 , &y
r = Gh(l + Zh)(ay + 8x) (6)
Txz Bw
e 4
B Gy, Ox (7
Iyr ow
Y = (8)
(.'a),z By

To find the physical interpretation of the Lagrangian muitiplier w we notice that

p under the double integral ff wpdxdy (which is a term contained in the energy expres-
sion I, equation (9) of Report No. 1874 (2)) represents the applied load intensity. We
conclude that the term ff wpdxdy represents the virtual work and w, the Lagrangian
multiplier, is actually the deflection of the surface of sandwich panels.

Solving equations (4) and (5) for o, and Ty gives

Eh(l + 55) 98 9
2 — &N (9P 2y
= 1 - v?) (Bx ' v8y) ®)
Eh(l + —
oy = Eb(l * 3%) oy , ,28) (10)

(1 - v?) oy 8x

Substituting these expressions and equation (6) in equations (1) and (2) and carrying out
the differentiations with respect to x and y, we obtain

t 2 88 #8 1+ 8y
= th(l + —)%G —_— — _
3 ( Zh)(l-v&xl OZ’I-V&D/) m

T

8% 8%y 1 4+ 8%B
_¢

— ¢

) (12)

T

= th(l + _t_)zo(

z
4 2h' 1 -v 8y 8xZ 1 - v Bxdy

By substituting for § and y their expressions (7) and (8) into equations (11) and (12)
the following equations are found

- 2
CTUEL BN L AP L

Gth (1 + 2 )2 Gy 8x2 Geg 0y2
2h
821 9 J
$(1+v) =& - 2Gys 2 V'w (13)
8x Oy dx
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Gyz(l - v) 821" 82y o Gyz 82+vyy

— 1 =2 +(1 - v) +(1+v) —
Gth(l + ﬁ)’- ay2 ax2 Gyxg 9y 8x
- 2Gy, L viw (14)
8y

where V_z is the Laplacian operator.

Differentiating equation (13) with respect to x and using equation (3), we obtain

3 q )
0+v-25987 g )Cuz®rya, Gysl - ¥) drye o 82 o2,

G, 9x20y Gxz 8y3  Gth(l + ;_h)’- ay Y% ox2
Gy, 8%p (1 -v) 8%p Gyl - v)
A LY S R LIRS ¢ (15)

P
Gxgh 8x? 2 8y2  2Gthe(1 + ;_h)?-

Substituting for bTxz its expression (3) in equation (14) gives

Ox
G 8y Pryy Gyz (1 - v) 9 o2
2 -1+ v) X2 A > - Tyz = 2G g — VoW
(2 Gxe ] ay? 8x%  Gth(l + Z‘F)Z ye YE oy
G,, (1 +v)
Pt L ARG ) (16)
2Gyyh 8y

Differentiating equation (16) twice with respect to x and equation (15) once with re=pect
to y, then subtracting one from the other, we obtain the following differential equation

for the shearing stress Tyz:

4 4 4
' z 9%r 2 9 Tyz 2 DY 9 z
D Y2 4 (D, + Dy) —2% + - DD, 75y = =L — (Dxp - V°p)
x * 7Y axpy 2 Py ay* YT YR ey
()
where G G
D = ._L__ D, = —yz—
3 t 2 4 t 1@
Gth(l + _.) Gth(1 + L)
2h 2h
Equation (17) can also be written as
2 D
DxV4r s - (Dx - Dy) _*’_z v2r ., - DxDyV2ry,, =Dy & (pp . vip) (18)
By 2h 8y

Differentiating equation (16) with respect to y and adding equation (15), gives

Report No. 1874-A -5-




= DxDyV4w + DD [2v2p - (1 - v)Dyp] (19)

$hD(D, - 1),,)5"7 vir .

where
D = 1
2 t 2
4Gth4(l + ZH)

Differentiating equation (18) with respect to y and applying equation (19), we obtain

D, .2
vow - (1 - X)) w4y - D Whw = D[-.Z v+ (1 - v+22)vips
Dy 8y2 y D, Dy
a+v) (1 - 20 8% - ) pyp) (20)
D 572 P

In the same manner as the derivation of equation (18), (19), and (20), or by considering
the condition of symmetry, we obtain

2
4 8¢ o2 2 . Ds ® 2
pyv Ter " (1)y - Dx)m VEériz - DDy Vér . = oy (Dyp - Vép) (21)
4hD(D, - D) 4 v"-r = D, D v‘w + DD [zvZ - (1 -v)Dyp] (22)
y x! 5% xz = Uxly x P y
véw - (1 -Dx) 2 véw S D viw = D[ -2 V‘p +(1-v + ZD")Vzp
Dy aZP
(1+v)(1 - 6;) ;2 - 1- V)Dxp] (23)

Subtracting equation (23) from equation (20), givee

2 2 al Y2
(DxDy - Dx 25 - Dy 25) v4w = D[2v4p - D; 22 - D, 2P + (1 - v)D,Dyp]
y N 8_;7 y dy ax2 8yz T (24)

where

D, =(1-v)D, + 2D Dy = 2D, + (1 - v)Dy

y

It is seen that the problem of bending of rectangular sandwich panel by a lateral load
p reduces to the integration of equation (24). The shearing stresses Tyz and 1xp can
now be determined from equation (18) or (21) and equation (3). )

Once w, Ty and r,, are obtained, the remaining five quantities _B. Yy T ox and Ty

can be readily found from equations (7), (8), (6), /9), and (10) by differentiation. It
is of interest to note that equation (24) reduces to the diffe rential equation of the sand-
wich plate given by Reissner as equation (70) in referenc= (4) if Gy, is assumed to be

equal to Gyz . When Gxz = Gy, = « equation (24) reverts to the known form of this equa-
tion for the homogeneous plate.

Report No. 1874-A -6-




Torsion of Sandwich Panel of Rccnnjuhr Cross

Section having the Torque Applied by Forces

Concentrated at the Corners of the Panel (fig. 1)

The Loading

For the purpose of integrating equation (24) for the deflection of a rectangular sandwich
panel by the loading shown in figure | we express the load intensity p in the form of a
double trigonometric series:

00 ®
(2m + 1) (2n +1)
P = é é Amn sin — m X einil S k4 (a)

To calculate any particular coefficient Ayt 5t of this series for a given lgad dl’ ribu-
tion, that is, for a given p, we multiply both sides of equation (a) by ei B B y

and integrate from 0 to b. Observing that

b
[ sin{2n + Dwy . (20" + 1wy dy = 0 whenn # n'
- 2b 2b

b U
f .m(ln + wy sin (2n' ¢ ) wy dy = b whenn = n'
-b 2b 2b

we find in this way
b . [
[ paidzn t w4 . > Ampe sinlim t e (b)
-b 2b m=o0 2a

Multiplying both sides of equation (b) by an"— dx and integrating from 0
to a, we obtain 2a

a b
f bf p sin2™ z: Dwx 44520 Z’b DY dxdy = abAg, ' n!

from which

a b
RS (2m' ¢+ wx gya(20' + l)wygeq
Amnt = L .f .bf p win{Zm' + ux , + U axay (c)

In the case of the four concentrated loads applied as shown in figure | equation (c)
is integrated over four very small areas a: the corners of the panel. Equation (c) be-
comes

Report No. 1874-A . -7-




a b
Amip = S oinl2m U @' ¢ e (7 7 44
g g 2 a-6 b-§ xy

where 6 can be made as small as desired. It is evident that the value of the double in-
tegral is equal to the concentrated load P or

_4pr (2m + 1)w (2n + l)x _ 4P, .m+n
Amn = 53 sini—— sin - = 5D
Hence we find
4P — - +n
m
P = Y Z Z (-1) sin a_ x sin By (25)
m=o n=o

where . (2m + w _(2n + )w
@ = 2 Bn' 2b

The Particular Solution

For the loading shown in figure 1 the deflection w is an odd function of x and y. With
this restriction we take the following expression as the particular solution for deflec-
tion

0 0
w = Z Z Wmn h sin amx sin By (26)

m=0 n=o

in which the constant wp,n, must be chosen so as to satisfy equation (24). Substituting
expression (26) and (25] into equation (24), we find

Dpl('l)m*nlz(arnz + ﬂnz)z + Dl‘i"l'nZ + DZBnZ + (1 - v)Dny]
Wenpn = (27)
h(amZ + Bn2)? (Dxam?Z + DyBn? + DxDy)

where

P 4P

1 ab

Taking the particular solution of equation (18) for Tyz which must be an odd function of
x and an even function of y as

w ®
e, Z Z Amn Bn h sin ayx cos Ay (28)

Gys ms=zo n=0

and substituting this expression with equation (25) into equation (18), we obtain

_ 2P (-1)™* (. 2 4 B2 4 Dy) )

h (em? + Bn?) (Dxem? + DyBp? + DyD,

A

mn

Using equations (26), (27), (28), and (29) the remaining six particular solutions of v,,.
Q. Yo T Oy and :1 can readily be obtained from equations (3), (7),(8), (6),(9), and (10).

Report No. 1874-A -8-




(s¢€) (Ya*a + %g4a + 2 .2%@) 5 (P +, W) Qzu ozw
£Yg urs ¥ p uys N N (a+ 1 ylygg = 3
[(*a - *a@) ,%, "z + (*a¥a + 2 gha + Mra) Y 4+ 22 L) B 3 .% + 1) %

(¥€) (fa*a + ,%%a + ,Wo%q) (95 + wn) ozu o=
£Yg urs »™Xp urs i i ‘e i Nc ONE iong 0 ylgq = =
[a - x0v~=m~ﬁc~ + (“a*a +~um_.>0 ¥ NEGNQXN...m; #NEUZE.E:L o o A..—'u.o. ) oe

(gg) A x u A
("a%a + %% + ;M0%a) A% + ;W)

L% 805 ™ p go> 7 m_ OuNE AM + V4 ldaez = 2
Cdate -0 - (fa+ Mola) - (%9 + oifa+ %) %™ () = = 3 ’

(fa*a + Fgha + ;Wo*a) 4,7 + ;%)

(2¢) A9g so> xWp uys o«N: ouNE ldg = A
[, + D(%a - *a) + (%@ + 8+ ) (- a)ha) vy wal™) = =
(Ya*a + %gha + PoXa) ,(,% + 2 ozu ozw
(1€) A% urs x*o go> 1 =
[% (+ + 0 (fa - *a) - Aa+ %+ M) (1- @) %a] o (1) S X da ¢
A.AQnQ + Nnmhﬁ + ,WoXq) A~cm + ~Euv ozu ozw zx
(og) AU urs xWp go> y: N N ldgz = nluU
("a + Nnn + NEUVF-GE.E:-V = - 4

:31% suopnjos aenoyiaed eseyyl
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It is seen that the above series converge more rapidly than those given in the Report No.
1871 (1).

The Homogeneous Solutions

In order that all the boundary conditions can be satisfied solutions other than the partic-
ular solution must be found. This is accomplisked by setting the left side of equation
(24) equal to zero, (p = 0). A suitable general integral of this equation is

% Cm sinh amy + Dmamy cosh amy Km sinh ymamy

w = h Z [ + ) sin a_ x
ms=o cosh a b Ymcosh yq, app
ol F, sinh B, x + H B, x cosh B, x L, sinh § 8. x
T N il sl Il i is.olh PV YO
n=o cosh Bna 6, cosh 6ana
where . l
D D D D, =
x x 2 _1 Z
Y, z (— ¢+ —2) 5n (37)
= &)Y G x ﬂ—%

and Cm, Dy, Kme Fns Hn, and Ljare arbitrary constants to be determined later from
the boundary conditions.” The expression (36) is considered the homogeneous solution
of w because it does not contribute to the loading.

It is noticed here that the expressions (36) and (37) are similar to those found in the
previous Report No. 1871 (1).

In view of the equations (36) and (16) the homogeneous solution of equation (18) for Tyz is:

cosh a h sinh fBx
= h Z am[A o8 ImY + Bmcoo Ym%mY )sina,x +h an[A e
G),z mzo Mcosh a,b Y €oshy o b nEc "cosh Bna
sinh 6nﬂnx
B,— ——— )cos B,y (38)

Bcosh §, 8, a

Substituting equation (38) and (36) into equation (16) and using equations (37), we obtain

4D
Am = m (39)
Z-c[(l-v)ymz+|0v]
(Ym? -
B, = — ) Km (40)
m (1 - <)
Ay = ~Hn (41)

(1 - v)ba2 - 2c +1 4 v)

Report No. 1874-A -10-




- (6nz < l) Ln
= (42)
6, (1-¢)

By using the expressions (36) and (38) we obtain the remaining six homogeneous solutions
of rxz,» B, Yo T, @, and Ty by means of equations (3), (7), (8), (6), (9). and (10).

The Complete Solution

From the foregoing analysis the complete solutions may be written as follows:

w _ DP| & 2 (-1)""2ap? + 8,2) + Dya? + D82 + (1-v)D, D, ]
T z sin o xsin By
m=0 n=o (amz + an)z(nx“m + Dan + Dny)
® Cmsinh oy + Dmamy cosh amy Km sinh ymam y
+ z [ + ] sin apx
m=o cosh a b Ym €o8h ypa.. b
© F sinhB x+H B xcoshB x L_sinh§ B x
*Z[n n nn n A n n'n ].iany (43)
n=o cosh Bpha &p cosh 682
T a0 00 -1 m+nB 2 + 2 +
all = 2DP) Z Z i U > n(“mz B sz) sin apx cos B,y
yz m=0 n=o0 (a, “+B ‘YD, “ + Dan + Dny )
L) cosh a cosh
+h Z am (A, __mY + Bm i) ) sin apx
m=o cosh a b Ym €osh yp,anb
+hZﬁ (An’_inhﬂ_x +BnM)con Bny (44)
=0 cosh fpa cosh 6,82
®  (-1)™" o (am? + Byl + Dy)
21 = 2DP, Z z EIRIE n y cos apx sin By
Cxs m=o 0% (a2 + By?) (Dyaym? + DyBy2 + D,Dy)

’hS o (Amothomy_ o MR Ymemy oL,

m=0 cosh aqb cosh yhand
2 cosh B,x cosh &, ,x
tch nzg;_an (An cosh fja * Bn 6pn cosh &,B,,l) sin a“y (43)
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L) o m+n 2 2
B = - DP Z Z (-1) om[Dy(1-v)(am + By + Dy) + (Dx‘gy)(““')ﬂnz] cos agx sin Bny
m=o n=o0

2 2,2 2 2
(ap, + By)°(D,a = + Dyﬂn + Dny)

[
cA - C sinh o - Do, sh
+hZa [( m m) mY mamY €O amYy

m
m=0 cosh app

, (cBmYm - Km) sinh ymomy ]__ “m*"hiﬂ I'(cA..-r,. -Hp)cosh Bnx -HnBnx sinh Bnx
Ymecosh ya, b f L cosh Bnha

(cBp-Lpby) cosh 6,8,x
+ sin By (46)

5, cosh 6,82

sin amx cos Bny

y = - DP Z.’ i (-l)mo"Bn[Dy(l-v)(a,‘:‘,i» B,f + Dx)'(Dx'Dy)(l"'V)G,-nz]

= Few (a2 + B2)%(Dyanl + Danz + D,D,)

o (Am - Cm - Dm) cosh amy - Dmany sinh amy

+hZam[

IS0 cosh amb

(Ap-Fp) sinh B, x-H, B,x cosh B x

cosh f,a

(B - KmYm) cosh ypamy o
+ ] sin apx + hZﬂn[
n=o

Ym €osh ypanb

(B,8,-L,) sinh & B, x
+ ] cos B,y (47)

6, cosh §,8,a

® ® m+n D 2 D 2
-2DPh D Z( )z a"f“[ "':‘* "B';]
m=0 n=0 (g ¢ ﬂ,f‘) (Dyam, + Dan + Dny)

T t
e (1"2:){

_ (Dx#Dy)lar’ +8n’)-(1-v)DxDy
2

(a,2 + B,2)? (Dya,l+ D,BL + D,D,)

cos ay,x cos By

o+ 12 iamz[[(l#c)Am = 2(Cyy#Dpy,)) cosh @y - 2D,y sinh oy

me=o cosh a,b

N ((CYrrzn’l)Bm'ZKmYm] cosh Ym"my] coviumx ihziﬁ,ffhc)A".Z(rn +Hp)] cosh B,x
Ymecosh y a b cosh 8 a
2H B, x sinh B x  [(c462)Bp-2Lnbn) cosh 6,Bnx ]
+ cos B“y}

cosh 8,a 6n cosh 8,82

(48)
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Determinations of Six Parameters Cm, Dm. Km' Fn. Hn' and L,
in the Expression of Deflection w from the Six Boundary Conditions

As seen from the expressions of the complete solutions of w, Tyg, Txg, B, vo T, Oy,

and u'x given in the preceeding section, the problem of torsion of recu;'ul.ar—lm-\;wich

panel has been reduced to finding the six arbitrary constants Cm¢ Pm¢ Kms Fpo Hp,

and L,,. These six constants can be evaluated from the following six boundary condi-
tions of the sandwich panel:

(1) The requirement g 0aty = + b gives
By, = “YmAm (51)

(2) The requirement r , = 0 atx = 4 a gives
Bp, = - SnAn (52)

(3) The requirement r = 0O at y = + b gives
l4c B,
TAm-Cm-Dm(l + amb tanh "mb) +
2Ym

-Kp =0 (53)

(4) The requirement v = 0 at x = + a gives
B, (62 + )
26,

“T“An-r,, -Hp(1 + Bpa tanh Ba) + -Lp=0 (54)

(5) By means of the Fourier sine tranaform1 of equation (49) and (50) it can be shown
that the requirement, oy = 0 at x = + a gives

4Both sides of equation (49) are multiplied by sin B,y and integrated from 0 to b. Both
sides of equation (50) are multiplied by sin a,x and integrated from 0 to a. The fol-
lowing integrals are needed for these operations.

flinh qx sin sx dx = ‘Zlﬁ' (q cosh gx sin sx - s sinh qx cos sx)
q+s

x cosh qx sin sx dx = ) sinh qx sin sx - — 2% _ cosh qx cos sx
Jxcoms S SeFv L. e ik

at-st h qx si 2 inh '
c cosh qx sin sx ¢+ —————3 qx cos 8Xx
(aZ+& ) (a2+2)?
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© (. 2, a2 2 2 2g2 ©
DPth( W@ + vBnMDxam +Dy Ay + DxDy) + 2amPa(Dx-Dy)] S (™

M=o (@Z+8,%) 4D, a2 +D B2D,D ) b m=o
C~v . 2v Z_ 2
(amh)z [“"‘(T_'A-v m C"‘+T—D-v m ) _ Dmam (a btanha_b - M_)
amz+ B 4 ﬁﬁ*ﬂn a,i«bﬁ,z,

am(ﬁ:—:ymBm

Ym‘:'m"’ﬁz

Km -
)] (Bph)? {(:‘_—:An-Fn'l—f;ﬂn) tanh B a-H,B,a

+[(p —Gf‘w L. ] tanh &
™ 2 T, e "B"a} 2

and

(6) The requirement, gy = 0aty = +bgives

o) 2 ,p2 2 2 2
+ D D +D, D, )+2 D,-D
Dplh Z (_l)m [(Vam Bn)( xam+ an % y)" amBn Yy x)] - (amh)z
n=o (a2+B2)%(Dyara+ D BEZ4D,D,)
1-vc 2 l-vc Y 2.,
( Am-Cm-—Dp,) tanh a,b - Djay,b + [ Bny,- L K] tanh Ymamb]
l-v l-v l-v (1-v)¥m
2 m+n 2 ﬂ"( - A Fn*l -v Hn) H,B, "r:‘szn
t 5 Z (-1) (Bgv” (B,a tanh B.a + )
248 2 Z+872 a 2462
n am 'm Pn
2
-vC 651
B lia B ¢"lfv L,)
+ 3 2 (56)

m"ann

Solving equations (53) and (54) by using equations (39), (40), (41), (42), (51), and (52),
gives

(oD {clisveveii-v))-2) €m
D _ = (57)

" 2(cy d-2y,2+c)-(y,2-1)(1+ayb tanh a,,b) {cnwwj,(l-v)]-z}

(82-1)[(1-v)62-2c +14v]Fp
H = (58)
2(83-2c6,241)-(82 -1)(1+B,a tanh Boa)((1-v)62-2¢ +14v)

Substituting expressions (57) and (58) into expressions (51), (52), and using equations
(39), (40), (41), (42), gives
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. 4y,ﬁl-c) Cm (59)
2cy -2y 2tc)-(v2 -1)(1+a b tanh o b) fe[l+vey F1-v)] - 2}
'46121 (1-c)Fp * R
o 0)

i 2(6:-Zc6xz‘+l)-(6£-l)(l+ﬁna tanh Bna)[(l-v)bﬁ s2c+l+v]

Substituting equations (57) and (58) into equations (39 and (41) gives

-4(y2-1) C, \
A = (61)
2(cy} -2y2+e)-(v2 -1)(1+a_b tanh a_b) {c[l+v+yr:(l-v)] 5 z}

-4(sZ-1)F,, 62
2

A =
n 2(8% -2c6241) - (62-1)(148,,a tanh B a)[(1-v)&Z -2c+14v]

Equations (51), (52), (57), (58), (59), (60), (61), and (62), show that the constants D,
Hpy Kmy Lne Ams Ay By, B can be expressed in terms of two arbitrary constants

The first parts on the right side of equation (55) and (56) can be expressed in terms of
Cn by means of equations (57), (59), (61), and (40).

The second parts on the right side of equations (55) and (56) can be expressed in terms
of F, by means of equations (58), (60), (62), and (42). Thus equations (55) and (56) may
be solved for Cy, and F in terms of the load P for as many values of m and n as de-

sired. These values can then be substituted in equations (43), (44), (45), (48), (49),
and (50) to obtain the deflections of and stress in the sandwich panel.

M
Determination of Torsional Rigidity g~

The loads acting at the corners of the sandwich panel form a couple the magnitude of
which is

T = 2Pb

The angle of twist per unit length is ‘

0= wl x=a,y=b

adb .
The displacement w is given by equation (43).

Thus the torsional rigidity can be expressed as

2
T 2Pab
e it
lxu, y=b
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Conclusion

The results of the foregoing analysis show that the series of the particular solution
obtained by the present method converge more rapidly than those found in Report No.
1871 (1) and the series of homogeneous solution remain essentially the same. It is
expected that the numerical results will be close to the results computed in Report No.

1871 (1).

m

(2)

(3)

(4)
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